The main objective of this study was to investigate the epidemiology, drug resistance and b-lactamase genotype distribution of enteropathogenic Escherichia coli (EPEC) isolated from pediatric patients with diarrhea in southern China. The prevalence of EPEC in children with diarrhea was 3.53z. The commonest serotypes were O55:K59 and O126:K71, and the typical EPEC were more prevalent than atypical EPEC (51 vs 7). Isolates from this region were most commonly found to be resistant to ampicillin and cotrimoxazole, followed by chloramphenicol, ceftriaxone, and ceftazidime. More than 96z of the strains were susceptible to cefoperazone/sulbactam and imipenem. The most common b-lactamase genotypes identified in 58 strains were bla CTX-M-1 (60.3z), bla TEM (56.9z), bla CTX-M-9 (27.6z), and bla SHV (15.5z). Among 58 isolates, 22 strains were found to harbor one b-lactamase gene, and the proportions of resistance to ampicillin, cotrimoxazole, chloramphenicol, ceftriaxone, and ceftazidime, were 81.8z, 63.6z, 40.9z, 18.2z, and 9.1z, respectively. A further 30 strains carrying multiple blactamase genes had increased resistance to the above antimicrobial agents (100z, 83.3z, 70.0z, 60.0z, and 30.0z, respectively). In contrast, antibiotic resistance in the last 6 strains without a detectable b-lactamase gene was substantially reduced. Drug resistance may be associated with the b-lactamase gene number, with a greater the number of b-lactamase genes resulting in higher antibiotic resistance.
SUMMARY:
The main objective of this study was to investigate the epidemiology, drug resistance and b-lactamase genotype distribution of enteropathogenic Escherichia coli (EPEC) isolated from pediatric patients with diarrhea in southern China. The prevalence of EPEC in children with diarrhea was 3.53z. The commonest serotypes were O55:K59 and O126:K71, and the typical EPEC were more prevalent than atypical EPEC (51 vs 7). Isolates from this region were most commonly found to be resistant to ampicillin and cotrimoxazole, followed by chloramphenicol, ceftriaxone, and ceftazidime. More than 96z of the strains were susceptible to cefoperazone/sulbactam and imipenem. The most common b-lactamase genotypes identified in 58 strains were bla CTX-M-1 (60.3z), bla TEM (56.9z), bla CTX-M-9 (27.6z), and bla SHV (15.5z). Among 58 isolates, 22 strains were found to harbor one b-lactamase gene, and the proportions of resistance to ampicillin, cotrimoxazole, chloramphenicol, ceftriaxone, and ceftazidime, were 81.8z, 63.6z, 40.9z, 18.2z, and 9.1z, respectively. A further 30 strains carrying multiple blactamase genes had increased resistance to the above antimicrobial agents (100z, 83.3z, 70.0z, 60.0z, and 30.0z, respectively). In contrast, antibiotic resistance in the last 6 strains without a detectable b-lactamase gene was substantially reduced. Drug resistance may be associated with the b-lactamase gene number, with a greater the number of b-lactamase genes resulting in higher antibiotic resistance.
Enteropathogenic Escherichia coli (EPEC) is one of the most common pathogens causing diarrhea in children under 2 years of age in developing countries (1) . In Brazil, Mexico, South Africa, Iran, Thailand, Chile, Bangladesh, and other developing countries, EPEC accounts for 5z-30z of diarrhea in this age group (1) (2) (3) (4) . A systematic review of 266 studies published between 1990 and 2002 showed EPEC was one of the most important diarrhea-associated pathogens in pediatric patients (median prevalence of 8.8z) (5) . It is estimated that over 1.3 million children die from diarrhea each year (6) , with hundreds of thousands of cases caused by EPEC (7) .
Antibiotic therapy remains the principal means of infection control. However, the overuse and misuse of broad-spectrum antibiotics in the treatment of infant diarrhea could lead to an increased drug resistance of enteric pathogens to commonly used antibiotics, particularly b-lactam antibiotics, the most commonly administered antimicrobial agent in pediatric patients. The resistance rate of EPEC to ampicillin, cephalexin and ceftriaxone has risen to 74.5z-100z in Kashan, Iran. Infections caused by multi-drug resistant EPEC has also increased (8, 9) . Production of b-lactamase is the major mechanism underlying b-lactam antibiotic resistance in gram-negative bacilli (10) . Numerous studies involving the isolation of drug-resistant EPEC from children with diarrhea have been reported (4, 11, 12) ; however, the correlation between the distribution of b-lactamase genes and the resistance to b-lactam antibiotics has rarely been studied.
In order to determine EPEC prevalence, drug resistance patterns and b-lactamase genotype distribution in pediatric patients with diarrhea in southern China and to further investigate the relationship between carrying b-lactamase genes and antibiotic resistance, clinical EPEC isolates were collected from 1643 non-repetitive stool samples of children with diarrhea who visited five pediatric teaching hospitals in southern China in 2009. Collected stool specimens were cultured on Chinese blue agar, MacConkey agar, and Salmonella-Shigella agar (at 35°C for 18 to 24 h). Isolated strains were identified molecularly using PCR detection of the EPEC virulence genes eae and bfpA as described previously (13) . In addition, 5 to 7 single colonies (on the basis of lactose fermentation and colony morphology) were selected from each culture to determine the OK serogroup. Commercially available EPEC diagnostic sera kits (Ningbo Tianrun Bio-pharmaceutical Co., Ltd., China; each kit contained 3 OK polyvalent antisera and 12 monovalent antisera, including O26:K60, O44:K74, O55:K59, O86:K61, O111:K58, O114:K90, O119:K69, O142:K86, O125:K70, O126:K71, O127a:K63, and O128:K67) were used for the serum agglutination tests on boiled bacterial cultures according to the manufacturer's instructions. After isolation and subculture, the resulting colonies were identified by routine biochemistry panels and the Vitek 2-compact automatic microbial identification system (BioMerieux Vitek Inc., Hazelwood, Mo, USA). Susceptibility of EPEC to 8 antibiotics (ampicillin, cotrimoxazole, chloramphenicol, ciprofloxacin, ceftriaxone, ceftazidime, cefoperazone/sulbactam, and imipenem) was tested via Kirby-Bauer disk diffusion according to U.S. Clinical and Laboratory Standards Institute guidelines (14) . Drug-resistant plasmids were extracted from EPEC using a plasmid miniprep kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. PCR amplification was performed as previously described (10) for the following blactamase genes: bla TEM , bla SHV , bla OXA , bla CTX-M-1 , bla CTX-M-2 , bla CTX-M-8 , and bla CTX-M-9 group. PCR products were genotyped by comparing sequencing results with b-lactamase genes in the GenBank nucleotide database using the BLAST suite of programs. PCR amplification of eae and genotyping were performed as previously described (15) .
Overall, 58 non-repetitive EPEC strains were isolated from 1643 pediatric patients with diarrhea. The prevalence of EPEC was 3.53z. The mean age (±SD) of the 58 pediatric patients was 15.6 (±18.9) months. Of these, 35 children (60.3z) were less than 1 year old, 17 children (29.3z) were between 1 and 2 years old, and the remaining 6 (10.3z) were more than 2 years old. Of the 58 children included, 32 (55.2z) were male and 26 (44.8z) were female ( Table 1 ). The EPEC prevalence varies substantially between countries and regions of the world (1, 2, 5) . The prevalence of EPEC has been reported as 16.3z, 2.7z, and 12.6z in Iran, Singapore, and Thailand, respectively (16) (17) (18) . The reported prevalence of EPEC in children in Brazil ranges from 10.1 to 32.7z (19, 20) . EPEC is rarely reported in China, with only one previous study reporting a prevalence of 0.9z in Beijing (21) . However, we found the prevalence of EPEC in children with diarrhea in southern China to be 3.53z. This value is higher than the 2.7z prevalence reported in Singapore, but lower than the reported prevalence in most developing countries.
The 58 EPEC strains isolated in this study were found to belong to 10 different serogroups. The commonest serogroups were O55: K59 (n ＝ 11) and O126:K71 (n ＝ 10). Detailed serogroup distribution are shown in Table  1 . We performed sequence-based serotyping of intimin types in seven serogroup O44 isolates because of a lack of previous studies (15) . We found that g1 was the most prevalent subtype (3 of 7 strains, all with identical sequences; accession number: KM406186), followed by the b1 subtype (2 strains; accession numbers: KM406185 and KM406188, respectively), the e1 subtype (1 strain; accession number: KM406189), and g2/u subtype (1 strains; accession number: KM406187). Among the 58 EPEC strains isolated in this study, 51 were typical EPEC (eae＋, bfpA＋), and 7 strains were atypical EPEC (eae＋, bfpA-). Although previous studies reported typical EPEC as the predominant strain in pediatric diarrhea in developing countries, recent data suggest that atypical EPEC are more prevalent than typical EPEC in both developing and developed countries (1, 13, (22) (23) (24) . Previous studies demonstrated significantly differing constituent ratios of typical EPEC to atypical EPEC in different regions in India, even when using the same classification method (8, 25) . The proportion of typical EPEC in our study is reasonable considering geographic variations in EPEC epidemiology.
EPEC drug resistance is reported to be increasing globally (4, 11) . The antibiotic resistance profiles of the 58 EPEC isolates from this study are presented in Table  1 . The overall resistance to ampicillin was 86.2z. Resistance to cotrimoxazole and chloramphenicol were more than 50z; however, most strains were susceptible to cefoperazone/sulbactam and imipenem (96.6z and 100z, respectively). Although 81z of strains were susceptible to ciprofloxacin, the use of quinolones is limited in pediatric patients because of musculoskeletal antibiotic-associated potential adverse events (26) . The rate of multiple-drug resistance (MDR) EPEC in our samples was 58.6z, lower than that in a previous report (16) . No significant difference in the prevalence of MDR EPEC between patients older and younger than 1 year old was observed (data not shown). Based on our results, ampicillin and cotrimoxazole should no longer be used as first-line empirical antibiotics for the treatment of EPEC infections.
Using a b-lactamase gene detection assay, 52 of 58 clinical isolates were found to be b-lactamase positive ( Table 1 ). Common b-lactamase genes identified in our study were bla CTX-M-1 , bla TEM , bla CTX-M-9 , and bla SHV (detection ratios of 60.3z, 56.9z, 27.6z, and 15.5z, respectively). We did not detect bla OXA , bla CTX-M-2 , or bla CTX-M-8 in any sample ( Table 1 ). The prevalence of b-lactamase genes in EPEC isolated in this study differed from that isolated in the study by Vignoli et al. (27) , who reported the detection of bla PER-2 and bla TEM-116 b-lactamase genes in all 13 ampicillin-resistant EPEC strains isolated from children with diarrhea. Poeta et al. (28) demonstrated bla TEM gene mediated ampicillin-resistance in EPEC. This contradiction in predominant epidemic b-lactamase genes may arise from geographic variation. We classified the 52 EPEC isolates into three groups according to the number of bla gene copies: group A (6 strains) possessed no bla genes, group B (22 strains) possessed one bla gene, and group C (30 strains) possessed two or more bla genes, including gene combinations of bla TEM -bla CTX-M-1 (14 strains), bla TEM -bla CTX-M-9 -bla SHV (5 strains), and bla TEM -bla CTX-M-1 -bla CTX-M-9 (5 strains). In group A, the resistance rates to ampicillin, cotrimoxazole, chloramphenicol, ceftriaxone, and ceftazidime were 33.3z, 16.7z, 0z, 0z, and 0z, respectively. In group B, the resistance rates increased to 81.8z, 63.6z, 40.9z, 18.2z, and 9.1z, respectively. In group C, the resistance rates further increased to 100z, 83.3z, 70z, 60z, and 30z, respectively. The MDR ratio of group C (83.3z) was significantly higher than that of group B (40.9z) and group A (0z) (P ＜ 0.05). The statistical analysis demonstrated that the resistance to antimicrobial agents, including ampicillin, cotrimoxazole, chlo- Antimicrobial resistance phenotypic profile 2) bla resistance gene genotypic profile AMP SXT CHL CIP CRO CAZ SCF IMP blaTEM blaOXA blaSHV blaCTX-M-1 blaCTX-M-2 blaCTX-M-8 blaCTX-M-9 ramphenicol, and ceftriaxone were correlated with the number of bla genes carried. Higher numbers of bla gene copies were associated with higher resistance (P ＜ 0.05) ( Fig. 1) . Four ampicillin-sensitive strains had detectable bla CTX-M-1 gene levels, possibly because of low expression levels due to site mutation or other reasons (29) . Two ampicillin-resistant strains were identified that did not carry b-lactamase genes, likely because of the presence of alternative forms of b-lactamase or other drug-resistant genes that were not detected using our methodology.
In summary, a high prevalence of MDR strains and blactamase genes, mainly bla CTX-M-3 and bla TEM-1 , was found in EPEC isolated from pediatric patients with diarrhea in southern China. Physicians in China should be informed of the emergence of serious drug-resistant EPEC strains. Ampicillin and cotrimoxazole may no longer be effective agents for EPEC infection. Broader spectrum antibiotics such as imipenem and cefoperazone/sulbactam should be chosen for young children with diarrhea caused by b-lactamase-positive EPEC.
